Landslides alongside the erosion are part of the geomorphological processes, specific of Romanian territory, that require agricultural land management issues and processes that lead to increased risk and damage on the population, housing and transport infrastructure. Almaș hydrographic basin, situated in North-West side of Romania, in Almaș -Agrij Depression, is strongly affected by landslides. The purpose of this study is to assess the landslide susceptibility by using the calculation pattern of landslide frequency rate and of the susceptibility index, by means of GIS techniques. Therefore, four groups of landslide susceptibility have been identified: very low, low, moderated and high. The results indicate that 60,36% of the study area is moderately and highly susceptible to landslides. Emphasis was placed in this study both on identifying spatial susceptibility to landslides, but also on the analysis of causal and releaser factors and on the individual and cumulated influence on the apparition probability so needed in order to make predictions. In order to validate the obtained results, the area under the ROC curve was calculated, whose value of 0.895 indicates the degree of representativeness of the model for the analyzed territory.
INTRODUCTION
Landslide represents a geomorphological process that induces economic losses and negative environmental changes (Irimuș, 2000) . Analysing the morphology, morphometry and lithology of Almaș hydrographic basin, it seems that this area is exposed to geomorphological processes, especially to landslides. Consequently, we considered appropriate an assessment study that describes the relation between the frequency and the distribution of landslides and of the highly influencing factors, by implementing the calculation model of the frequency rate of landslides (Fr) and of the susceptibility index (LSI), by means of GIS techniques.
Achieving susceptibility to landslides involves both qualitative and quantitative approaches (Soeters & van Westen, 1996; Atkinson & Massari, 1998; Carrara et al, 1995 Carrara et al, , 1999 Guzzetti et al., 1999; Ayalew & Yamagishi, 2005; Coe et al., 2004; Sarkar & Kanungo, 2004; Magliulo, 2008; Zềzere et al., 2004; Bai et al, 2009; Dominiguez Cuesta et al., 2010; Shi-Bio et al, 2010; Sadiki et al, 2011; Costanzo et al., 2012; Cuesta et al., 2010) .
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STUDY AREA, DATA AND METHODS
Almas Basin, situated in the North-West side of the country, in the marginal unit of Transylvanian Depression, is the transition path between Somes Plateau platform and Meses Mountains Orogene (Fig. 1) . Due to the low altitude and to the considerable widening of the valley in middle and lower course of Almas and Agrij rivers, as well as to certain similarities in what concerns the landscape of the hydrographic network, climatic conditions, geological structure, slope processes, soils and vegetations, geographical literature usually includes the two hydrographic basins in a subunit of Transylvanian Subcarpathian area called Almas-Agrij Depression. It is a differential erosion depression, situated at the crossroad of Somes Plateau and Meses Crest (Rosu, 1973) . In order to identify landslides susceptibility on the rate of frequency of their related classes of causal and releaser factors, it was necessary to use a database that includes both primary data derived or modelled using GIS technology that offer tools such as statistics analysis and identification of spatial relationship of dependency between the involved factors ( Table 1) . The elaboration of the landslides susceptibility map focused on the identification of the areas affected by such processes, as well as on the elaboration of the inventory map and on the selection of those control factors that might reflect as much as possible the preconditions of landslides triggering. Therefore, while elaborating the landslides susceptibility map, we chose to use the following independent variables: slope, slope orientation, lithology, hypsometry, fragmentation density and land use (Fig. 2) . 
Landslides inventory
The first step taken in elaborating the study was to draft landslide inventory map for Almaș hydrographic basin. The elaboration of the map was possible by means of topographical maps 1: 25 000, aerial photos and research on the site. Consequently, a number of 198 areas featuring landslides have been identified.
Control factors
Landslides are the result of the collaboration of certain triggering factors, therefore it is essential to identify them, thus complying with the features of the study area.
The elaboration of the digital elevation model (DEM) consisted in digitizing the level curves on topographical maps 1: 25 000 by means of ArcMap 10.1 application, as well as of 3D Analyst module that allowed to apply the triangulation methods, by interpolating the values (altitudes) previously assigned to each level curve in the attribute table. Based on the resulted DEM the hypsometric map has been elaborated, according to the following requests: "the quantitative itself nature of hypsometric maps is closely linked to the nature of qualitative item, thus ensuring the links and correspondences that should exist with other geomorphological maps and, in the same time, allowing theoretical and fundamental interpretations, fully consistent with the reality on the site" (Irimuș, 1997) .
Based on the DEM resulted (using a 25x25 m) resolution, it was possible to generate a series of derived (secondary) maps: slope, slope orientation. The fragmentation density map (drainage density) was calculated and shaped by means of GIS soft functions, based on the classical method (determination of the total length of the hydrographic network to 1 km2 surface).
The land use analysis was performed according to CORINE Land Cover edition from 2006. The date of reference for CORINE Land Cover inventory is 1990, followed by updates in 2000 and 2006. CORINE Land Cover holds a database consisting in 44 classes of fields overlay. Among these, 11 classes have been identified in Almaș hydrographic basin. In order to easily analyse this model, we performed a reclassification, therefore 8 categories of use are to be considered. The cartographic support was made by means of ArcGIS programme. (Rus & Irimuș, 2015) .
The digitisation of geological map 1: 200 000, Jibou Sheet led to lithology. The following formations existing in Almas basin have been identified and used as database (9 classes): sandstone, clay marl (4,67%), clays, sands, sandstone, bituminous marl (27,78%), marl, coal shale, limestone (1,47%), limestone, marl, gypsum, sandstone, clays (6,93%), dacite (0,15%), conglomerates, sands, sandstone, marl (25,38%), sands, gravels (11,91%), conglomerates, sandstone, marl clays (Hida strata) (22,59%), micaschists, paragneiss (0,39%). The class represented by clays, sands, sandstone, bituminous marl, Oligocen deposit (rupelian) is mostly spread (25, 78%). The local influence of the lithology on geomorphological process occurrence it is an important step witch can be harder evaluate in a detailed studies (Cristea, 2015) .
It is most represented in Almaș upper basin and fills a quite continuous surface on the left slope, to the downstream of Cuzaplac locality. The subsequent class (as for the percentage from the total surface of the basin) consists in conglomerates, sands, sandstone, marl, Oligocene deposits (Chattian-Aguitanian) (25,38%), representing a quite similar development compared to Almas course, in the middle basin. Still, such deposits are also present in Almas spill area.
The following step was to determine classes for each factor, and to calculate the surface and the percentage of each class, as reported to the surface of the entire calculation area ( Table  2) . The shape of the relation between landslides and control factors was possible by means of the calculation method of the frequency rate (Fr). This model has also been applied by Lee & Min, 2001; Lee & Sambath, 2006 , Lee & Pradhan, 2007 Jadda et al., 2009; Arghius et al., 2013 .
The frequency rate is the report between the landslides surface of each class as percentage of all landslides surface and the class surface as percentage of all study area. The relations between landslides and generating factors have been identified and quantified by means of the generated database, subsequently required to implement the calculation formula for the frequency rate (Fr). As for this study, we chose the landslide frequency rate method as quantitative method. Such method has been successfully applied by Lee & Min, 2001; Dai & Lee, 2002; Lee & Pradhan, 2007; Choi et. al., 2012; Arghiuș et. al., 2013 .
The calculation of the frequency rate required the determination of landslides surface corresponding to each class, as well as of landslides percentage for each class, from the entire surface of landslides in Almas hydrographic basin (26, 31 km²). In order to determine the landslides frequency rate (FR), the following formula (1) was applied:
where: Fr-frequency rate Sai-landslide surface for class i of factor (km For value 1 of the frequency report, the class of the factor features a landslide density proportional to the size of the class reported to the study area. If Fr is larger than 1, it means that there is a high correlation between landslides and class of the control factor. If Fr is less than 1, it means that there is a low correlation between the two variables (Lee & Sambath, 2006) . Following the calculation of the frequency rate index, each thematic map has been reclassified, considering the value of the new generated index (Fr).
The landslides susceptibility index (LSI) was calculated as the total value of the frequency report of each factor (Lee & Min, 2001; Arghius et.al. 2013) , by means of the equation (2):
where: LSI -landslides susceptibility index Fr-frequency rate
RESULTS AND DISCUSSION
The elaboration of the Inventory map of landslides was the first result of the use of such model. A number of 198 landslides on a 26,31 km² surface has been identified, meaning 3,19% of the total surface of Almas hydrographic basin (814,5 km 2 ). By means of GIS soft techniques, it was possible to correlate landslides and the classes of each factor or independent variable taken into account ( Table 2 ). The landslides surface for each factor class and the landslides surface for each class have been determined as percentage of the entire surface of landslides. These values are necessary in determining the Frequency rate (Fig. 3) .
Fig. 3 Correlation between slope classes and landslides percentage.
It is noticed that as reported to the slope classes, the highest percentage of landslides from the entire surface of slopes at the basin level is on slopes featuring an inclination degree between 5.1°-15º, meaning 69,7% and 2,1°-5º (18,37%). As for the slopes featuring inclination degree larger than 35°, no landslide has been identified.
As for the slope orientation, it was noticed that most landslides occur on northern, north-eastern and eastern slopes, namely shadowed and half-shadowed slopes, where soil humidity continues on a longer period, due to the caloric regime lower than on the sunny and half-sunny slopes.
Analysing the correspondence between landslides and hypsometry underlined the occurrence of landslides mostly between 301-400 m, representing a percentage of all landslides in the basin of 45,2% on a 11, 89 km² surface, namely 4,73% of the altimetric class surface.
The definition of landslides surface for each class as percentage of the entire landslides surface, as well as of the class surface as percentage of the entire study area allowed applying the equation (2) and the calculation of the frequency rate (Fr). The results are detailed in Table 2 .
Analysing the frequency rate of active landslides that manifests at the Almăjului basin, the highest values for north slopes, an incline of the land located in 0,5-1 degrees with an altitude between 300-400 m which are predominantly used as pastures (Fig .4) , observing in this case the negative effect of overgrazing on the reactivation and the dynamics of landslides. , sands, sandstone, bituminous marl; 3 Marl, coal schist, limestone; 4 Limestone, marl, gypsum, sandstone, clays; 5 Dacite; 6 Conglomerates, sands, sandstone, marl; 7 Sand, gravels; 8 Conglomerates, sandstone, marl clays (Hida strata) ; 9 Micaschists, paragneiss.
The lowest values of the frequency rate (<1) feature the following classes: 0°-2º (0,18), 15°-25º (0,38) and 25°-35º (0.01), with low probability for landslides to occur (Figures 6, 7) . Fig. 4 The frequency rate variation.
Depending on the slope inclination degree, we may state that 23% of the basin surface (featuring an inclination degree between 5,1°-15°) is liable to landslides, while 77% of the basin features low values of landslide susceptibility, from the point of view of the slope degree. As for the slope orientation, the frequency rate of landslides is greater than 1 in the following situations: Northern slopes (Fr= 2,92), North-Eastern slopes (Fr=1,05), Eastern slopes( Fr= 1,25) and South-Eastern slopes (Fr= 1,06), thus featuring a close correlation between such slopes and landslides, as the slopes are liable to landslides. On the other side, Southern, South-Western, Western and North-Western slopes feature values lower than 1.
The frequency rate values in case of fragmentation density are greater than 1 in case of the following intervals: 0-0,5 km/ km² (Fr= 1,54) and 0,5-1 km/ km² (Fr= 1, 63), while the rest of density classes feature Fr lower than 1, meaning a lower susceptibility to landslides. The frequency rate exceeds value 1 in case of altimetric intervals between 178-300 m and 301-400 m, which means that from the altimetric point of view, 48% of Almaș basin surface is liable to landslides.
In relation to lithology formations, the landslide frequency rate features values greater than 1, in case of the following lithology classes: sandstone, marl clays (MioceneBadenian), conglomerates, sands, sandstone, marl (Oligocene-Chattian-Aquitanian), conglomerates, sandstone, marl clays (Miocene-Helvetian), all featuring a 52% percentage of the study area surface. The calculation of the frequency rate in case of land use revealed a high susceptibility in case of arable lands (Fr= 1,85) and of pastures (Fr= 1,15 ) .
In order to determine the landslide susceptibility index (LSI), the amount of factor reclassified according to the value of the frequency rate index (Fr) has been generated by means of Raster Calculator (ArcMap 10.1 application), using the spatial analysis formula (3): LSI="SLOPE_FR"+"ASPECT_FR"+"DENSITY_FR"+"DEM_FR"+ "LANDUSE_FR"+"LITHOLOGY_FR"
The values obtained by generating the susceptibility map have been divided into 4 classes (according to Barredo, 2000 , Arghius, 2013 (Table 3) . In case of Almas hydrographic basin, the LSI index (landslide susceptibility index) features a minimal value of 7,16, a maximum value of de 21,8 and a moderated value of 16, reported to a 2,41 deviation standard. The generated susceptibility map, based on the susceptibility index, revealed the following 4 susceptibility classes:
• Very low (7,1-13): on a 81,63 km² surface (10,03 % of basin surface);
• 
CONCLUSIONS
The implementation of the calculation model of landslide susceptibility, by means of frequency rate and GIS techniques revealed the following results:
• 37.73% of Almas basin features very low and low susceptibility values (between 7 and 13) and are typical mainly to the upper basin, as well as to Almas depression and most of its affluent.
• 37,99 % of the area features landslide frequency rate values between 15-18, a moderate susceptibility to landslides (middle and lower basin, piedmont Meseș area).
The highest susceptibility values feature the 182,11 km² area (22,37 %). The areas included in this susceptibility class are the middle and the lower basin that overlap the Oligocene geological area (Chattian-Aquitanian) and especially Miocene areas (Helvetian and Burdigalian).
In order to identify the degree of predictability of the applied model for frequencydependent analysed territory landslides, the value of the curve aria was identified (Are Under the Receiver Operating Characteristic curve). This validation tool was used in similar studies by Van Den Eeckhaut et al., 2009; Pourghasemi et al. 2012; Petrea et al., 2014 , Rosca, 2015a In a previous phase the rate of true positive was identified, which shows the model sensitivity, so the number of pixels classified in higher classes susceptibility, on which level are identified spatial active landslides and false positive rates, hence of the model specificity for the pixels characterized by high values of the probability of landslides occurrence, on which level are not existing active landslides at the moment (Fig. 6) . Fig. 6 The model validation using AUROC.
The elaboration of such model is truly practical, for two reasons. First, it identifies and defines the areas liable to landslides, considering the local climatic conditions and the triggering factors. Secondly, this study is a preliminary step for future analysis, measurement and research, more detailed and more comprehensive in terms of landslide dynamics in Almas Basin. Therefore, this study requires a closely collaboration to geologists and geotechnical staff.
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